During the breeding season an individual's access to mates may be affected by operational sex ratios, causing strong variation in mating success. We manipulated adult sex ratios of the European lobster, Homarus gammarus, to test the predictions of models that relate sexual competition to (1) the sex ratio, (2) the time that an individual is not available to mate and (3) 'collateral investment', whereby two males contribute to a single clutch. The model predictions proved to be relatively insensitive to collateral investment. Male-male competition predominated in the male-biased but not in the female-biased sex ratio. This matches the predictions of one model that incorporates an extended period of female receptivity because the time that a male was unavailable to mate was small compared to the time spent by females in cohabitation and parental care. Although females increased their competitiveness when males were in the minority, male competition remained high. The insensitivity of male-male competition to sex ratios may be due to an upper limit to the costs that males can afford when there is a serious risk of injury, preventing males from increasing their aggression when females are in short supply.
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The operational sex ratio (OSR: ratio of fertilizable females to sexually active males at a given time) is a principal factor influencing the intensity of sexual selection (Emlen & Oring 1977; Gwynne 1991; Clutton-Brock & Parker 1992; Vincent et al. 1994; Kvarnemo & Ahnesjö 1996; Reynolds 1996) . The direction of bias of OSR is thought to be determined primarily by the potential rates of reproduction of each sex. These are defined as the maximum rate at which each sex could produce offspring if given unlimited access to members of the opposite sex, averaged over all individuals and conditions (Parker & Simmons 1996) . Typically, males devote less time and energy than females to offspring production and therefore have a higher potential rate of reproduction. This skews the OSR towards a male bias, causing more variation between males in mating success, and selecting for males to compete more intensely for mates. Females may also compete for males if males vary in quality, although courtship role reversal, where females are the predominant competitors, occurs in only a few species, usually where male parental input is relatively higher (Gwynne & Simmons 1990; Gwynne 1991; Almada et al. 1995; Forsgren et al. 1996) .
The overall adult sex ratio is a key factor affecting sexual competition (Kvarnemo et al. 1995; Parker & Simmons 1996) . If the adult sex ratio is biased, potential rates of reproduction are not sufficient to predict the direction of sexual competition (Parker & Simmons 1996) . The OSR can also be influenced by the distribution of individuals in time and space (Reynolds et al. 1986; Naylor et al. 1988; Gwynne et al. 1998 ), temperature (Ahnesjö 1995 Kvarnemo 1996) and precopulatory guarding of multiple mates (Manning 1980; Jormalainen et al. 1994 ). The latter is widespread in aquatic crustacea, and reduces the incidence of extrapair matings (Manning 1980; Ridley & Thompson 1985; Cowan & Atema 1990; Dunham & Hurshman 1991; Goshima et al. 1996) . This slows down the males' potential rate of reproduction, despite their small direct contribution to offspring production.
In clawed lobsters, Homarus spp., pre-and postcopulatory mate guarding occurs, lasting 7-12 days per female in the American lobster, H. americanus (Atema 1986; Cowan & Atema 1990) . Thus, unlike many other species with female care, male costs of reproduction include more than the production of spermatophores. The clawed lobsters are especially relevant to the study of OSRs because variation in sex ratios has been shown in wild
